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横纹东方鲀(Takifugu oblongus)为受试动物，采用药浴方式将其暴露于 0 mg/L、




受试动物，研究了斜带石斑鱼暴露于 0 mg/L、0.05 mg/L、0.5 mg/L 和 5 mg/L NOR 
28 d 期间免疫系统的变化，前 21 d 为污染暴露实验，而后转入清洁海水进行 7 d
恢复实验，分别收集第 1、4、7、14、21、28 d 各组的斜带石斑鱼血液和头肾样
品，测定血液 RBCs 数量和血清 LZM 活力、头肾 IFN-γ、补体(Complement 3，




清 LZM 在暴露前 10 d 都存在刺激作用，暴露 14 d 后斜带石斑鱼的血清 LZM 活
力显著下降，并且 NOR 浓度越高对血清 LZM 溶菌酶活力的抑制和刺激作用越
明显；NOR 对两种鱼类的 IFN-γ 和斜带石斑鱼的 C3、IL-8 都存在一定的刺激作
用，0.5 mg/L 和 5 mg/L 组的刺激作用最明显，0.05 mg/L 组的刺激作用在暴露前
期显现，而 5 mg/L 组的刺激作用在暴露中后期显现，但未存在明显的剂量-效应
关系。 

















用，且 0.5 mg/L 组的刺激作用出现在暴露 1-4 d 内，5 mg/L 组的刺激作用出现在
暴露 7 d 后，但未出现明显剂量效应。 
(3) NOR 暴露期间，斜带石斑鱼头肾免疫相关基因 C3 和 IgM 相对表达量发
生紊乱，C3 基因表达量在暴露期间出现上调，而 IgM 基因在暴露期间被反复地
抑制和诱导，说明 NOR 对 IgM 基因的毒性作用更大。 
(4) 恢复实验结果表明 NOR 对斜带石斑鱼产生持续的免疫毒性效应：对
RBCs 和血清 LZM 活力产生的抑制作用 7 d 内不可恢复；0.05 mg/L 组非特异性
免疫指标(IFN-γ、C3、IL-8)及特异性免疫指标 IgM 反而出现显著下调；各浓度




















The abuse of antibiotics and the improper treatment of them contribute to their 
high residual quantity in the environment. The frequent use of antibiotics in 
aquaculture not only exacerbates the pollution of antibiotics, but also poses a threat to 
the health of fish and shellfish. Norfloxacin Lactate (NOR) is an antibiotic widely 
used in the aquaculture. In the present study, most studies focus on antibiotic drug 
toxicity and antibiotic resistance crisis. However, the effects of antibiotic especially 
the quinolones antibiotics on the fish immune system are rarely known. 
In this thesis, the consequences of NOR on the nonspecific immune responses 
(red blood cells (RBCs) count, serum lysozyme (LZM) activity, interferon-γ (IFN-γ) 
levels) and specific immune responses (Immunoglobulin M (IgM) levels) of Takifugu 
oblongus (T. oblongus) were evaluated after 1, 4, 7 and 10 days of treatment. Three 
experimental groups (0.5, 5 and 50 mg/L) and control group were established. For the 
second time, the consequences of NOR on the nonspecific immune responses (RBCs, 
LZM, IFN-γ, Complement 3 (C3)、Interleukin-8 (IL-8)、specific immune responses 
(IgM) and immune-associated genes’s (C3 and IgM) expression levels of Epinephelus 
coioides (E. coioides) were evaluated after 1, 7, 14, 21 and 28 days of experiment. 
The first 21 days were set for exposure, and then the fish were moved into clean 
ocean for 7 days as a recovery experiment. Three experimental groups (0.05, 0.5 and 
5 mg/L) and control group were established.The results show: 
(1) Exposure of NOR could stimulate or inhibit the non-specific immune 
response of T. oblongus and E. coioides. The results reveal a significant decrease of 
RBCs in both T. oblongus and E. coioides, and the higher exposure concentration, the 
greater damage on RBCs. The serum LZM activity of the two species was stimulated 
in the first 10 days after exposure. The value of E. coioides was significantly 
decreased after 14 days’ exposure. Higher concentration of NOR has more obvious 
effect on the LZM activity. The levels of the two species of fish’s IFN-γ, E. coioides’ 
















0.05 mg/L group appeared in the early stage of the exposure, while the effect of 5 
mg/L group appeared in the middle to late period of the exposure. No obvious 
dose-effect relationship showed between the groups. 
(2) Exposure of NOR could stimulated the specific immune response of T. 
oblongus and E. coioides. The level of total IgM in the head kidney from the two 
species of fish were higher than the control during the exposure. The stimulating 
effect of 0.5 mg/L group was observed in the first 4 days of exposure, while the effect 
of 5 mg/L group was showed after 7 days of exposure. No obvious dose-effect 
relationship showed between the groups. 
(3) NOR caused the significant variation in the expression of 
immune-associated genes (C3 and IgM) of E. coioides’ head kidney. The value of the 
C3 gene expression of E. coioides were up-regulated during exposure. While the 
value of the IgM gene expression of E. coioides were inhibited first and then 
up-regulated repeatedly, indicating that NOR has greater toxicity on IgM than C3. 
(4) After 7 days’ recovery after exposure, NOR showed a persistent immune 
toxicityon E. coioides. The inhibition of RBCs and serum LZM activity could not 
recover within 7 days. The levels of the non-specific immune parameters (IFN-γ, C3, 
IL-8) and the specific immune parameter IgM were significantly decreased. The 
expression of C3 mRNA and IgM mRNA in the experimental groups were 
significantly inhibited after recovery. These indicated that although E. coioides was 
recoverd for 7 days after 21 days’ exposure, the immune toxicity it suffered still 
existed. 
 
























数由担子菌、苔藓、绿色植物和动物细胞产生。继 Alexander Fleming 于 1928 年
发现历史上第一种抗生素——青霉素后，几千种天然抗生素被陆续探明，其中一
部分被人类使用。同时，各类人工或半人工合成抗生素也陆续被研制问世。 





(3) 抑制细菌 RNA 复制：立复霉素类抗生素； 





生素使用量单位的定义为 DID(Defined Daily Dose for 1000 inhabitants per day)：
每千人每天的抗生素使用量。据统计，欧盟各成员国抗生素使用量在 8.9-32.6 DID
之间(Cars et al., 2001)。东欧非欧盟国家用于医疗的抗生素总量在 15.3-42.3 DID
之间(Versporten et al., 2014)。与发达国家相比，中国的抗生素 DID 值几近美国和
欧洲的 5 倍(Chen et al., 2015)。2013 年，中国生产抗生素总量为 248000 吨，共


























的是，美国用于动物增产的抗生素多于人类的医药用量(Meek et al., 2015)。中国
亦是如此，Ying等人研究得出 2013 年中国消耗的抗生素中 52%用于动物和牲畜，
48%用于居民(Ying et al., 2017)。据 Hu 等人统计，中国每年大约投入 97000 吨抗






素作为畜牧业增产添加剂。2002 年 WHO 报道了丹麦颁布的此项禁令仅对猪产
量有影响，对其他家禽产量没有任何不利影响(WHO, 2002)。经调查，USNAS
得出同样的结论：禁止使用抗生素作为添加剂给美国畜牧业和消费者带来的不利






放而进入自然环境当中(Rico and Van den Brink, 2014)。中国是世界上水产养殖业





























中的迁移过程如图 1-1 所示(Homem and Santos, 2011)。 
 
图 1-1 环境中抗生素的迁移 
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